Methacrylic monomers with pyrylium salt derivatives are widely used to detect nucleophilic species. A new synthesis method has been used to obtain a pyrylium salt that is trisubstituted with phenyl groups at positions 2,4, and 6. The phenyl group of the 4-position has a metacrylate group in the para-position. The new synthesis method implies the esterification of 4-hydroxybenzaldehyde, using methacrylic anhydride. The formed compound react with acetophenone to form the pyrylium derivative. The yields of both reactions are greater than those previously reported in the literature.
INTRODUCTION
Aromatic heterocycles are substances that are known for their multiple properties and applications. They are present in various biological processes such as chlorophyll-catalyzed photosynthesis, oxygen, and carbon dioxide transport in blood by hemoglobin and storage and delivery of chemical energy through ATP. Moreover, some aromatic heterocycles have conductive properties and others are dyes.
1 Within these colored substances there is a well-known family called pyrylium salts, whose compound structures have a pyrylium cation (see Fig.1 ). Because of their fluorescence properties, some pyrylium salts are used as internal labeling reagents in photographic films, where they emit specific colors when exposed to ultraviolet light.
2 Among other uses of these salts, their roles as phototherapeutic agents, 3 anticarcinogenic agents 4 or chemosensors to detect toxic anions such as cyanide 5 are highlighted. There are many reported synthesis methods for pyrylium salts in the literature. The most common method is the cyclodehydration of 1,5-dicarbonyl compounds, which involves an intramolecular condensation. In this method acetic anhydride is often used, which acts as both a reagent and solvent. Triphenylmethylhexachloroantimonate can also be used as an oxidizing agent.
14 Another synthesis method involves isobutene diacetylation (in its gaseous form or as tert-butanol) using Bronsted acids as perchloric, tetrafluoroboric, trifluoromethanesulfonic or sulfoacetic acids or monoacetylation with tert-butylchloride, using Lewis acids (AlCl 3 or FeCl 3 ) , which leads to the corresponding 2,4,6-triphenylpyrylium salts.
15
Alternatively, these salts can be obtained through the reaction of chalcones and acetophenones or benzaldehydes, and acetophenones using the Lewis acid boron trifluoride as the catalyst. 16 
García et al. (2005),
17 synthesized 2,6-diphenyl-4-(p-methacryloyloxy) phenyl pyrylium tetrafluoroborate, (I) (see Scheme 1), which was used in the colorimetric detection of cyanide in water. This monomer was prepared from one equivalent of the intermediate compound 4-formylphenyl methacrylate (M-4FF), two equivalents of acetophenone and two equivalents of boron trifluoride diethyl etherate, which acts as a Lewis acid catalyst. From this monomer, a series of polymeric films, which have a maximum absorption band in the visible region at 425 nm and an emission band at 474 nm, after excitation at 394 nm were prepared with better yield than that reported
The synthesis method in the present study involved the preparation of the methacrylic monomer, 2,6-diphenyl-4-(p-methacryloyloxy)phenyl pyrylium tetrafluoroborate (M 1 ) which contains a derivative from a pyrylium cation in its structure, from the intermediate compound 4-formylphenyl methacrylate (CI-1) with methacrylic anhydride as the starting reagent.
EXPERIMENTAL

Solvents and reagents.
All solvents and reagents were of analytical or spectroscopic grade. Acetonitrile (ACN), dichloromethane, 4-(dimethylamino)-pyridine (DMAP) and boron trifluoride diethyl etherate (BF 3 .Et 2 O) were purchased from Merck. Methacrylic anhydride, 4-hydroxybenzaldehyde (4-HBZ) and acetophenone were acquired from Sigma-Aldrich. The pyrylium cation is formed by replacing one CH group of a benzene with a positively charged oxygen atom (O + ). Because pyrylium is a cation, the aromaticity of the ring is highly disturbed because of the high electronegativity of the oxygen atom, 6 as evidenced in the Index of Bird's aromaticity for sixmembered heterocycles (benzene = 100; pyrylium cation = 68.5)
1 . Like all sixmember rings with one heteroatom that is more electronegative than carbon, the electronic distribution of pyrylium cations can be represented by its resonance structures (see Fig. 2 (A-D) ). The atoms at positions 2 and 6 have the highest partial positive charge, followed by those at position 4.
7
A nucleophilic attack commonly opens the ring and produces other heterocycles, which are useful as starting materials in synthesis processes. Pyrylium cations are heterocycles that are notably deficient in π-electrons, but are stable when they are linked to non-nucleophilic anions (counterions).
8
The most common salts contain mono-and multi-atomic anions, such as fluoride, chloride, bromide, tetrafluoroborate, perchlorate, 9 2-naphthalenesul fonate, 10 trifluoromethanesulfonate, 11 hexafluorophosphate, 12 tosylate, 13 among others.
e-mail: brivas@udec.cl Scheme 1. Synthetic routes for I using methacryloyl chloride as the starting reagent (García, 2005 17 ).
IR spectroscopy.
The spectra were recorded on a Nicolet FT-IR spectrophotometer (Magna 550) in the spectral range of 4000 to 400 cm -1 from M 1 (solid) dispersed in KBr pills, and a drop of CI-1 (liquid) was pressed between two NaCl windows to obtain a plate with a thickness of 0.01 mm or less.
UV-Vis absorption spectroscopy.
The spectra were recorded using an Agilent 8453 spectrophotometer, which was controlled by Agilent Chem Station software.
Thin-layer chromatography (TLC).
The progress of the reactions was monitored using thin-layer chromatography (TLC) with 60F 254 silica gel plates that were 0.2 mm thick (Merck). A UVGL-58 Entela manual lamp with two wavelengths (254 and 365 nm) was used as the developer.
2.3 CI-1 and M 1 synthetic processes. M 1 was prepared according to the method of García et al (2007) . 18 The reaction conditions are compared in Table 1 . The synthetic routes are illustrated in Scheme 2. 
Synthesis of 4-formylphenyl methacrylate (CI-1).
In a three-necked flask (capacity 500 mL) under nitrogen atmosphere, an amount of 16.73 g (137 mmol) of 4-hydroxybenzaldehyde was dissolved in 200 mL of dichloromethane. Then, 30.6 mL (31.68 g, 205.5 mmol) of methacrylic anhydride were added drop by drop, followed by a small amount of 4-dimethylaminopyridine (DMAP) (0.5 g). The reaction mixture was magnetically stirred and refluxed in a glycerine bath at 40 °C for 14 hours. Then, the flask was removed from the bath, and the product mix (4-formylphenyl methacrylate plus methacrylic acid) with 8% m/m sodium bicarbonate (3 x 60 mL) was extracted. The organic phase was separated and dried using anhydrous sodium sulfate for 12 h. Then, the solvent was removed by rota-evaporation to obtain a pale yellow viscous liquid. Later, a small amount of the obtained product was applied on a chromatography plate (TLC), using hexane:ethyl acetate at a proportion of 1:1 as the elution system. The plate was revealed with a UV-Vis lamp at a wavelength of 254 nm, which registered only one stain. Yield: 23.22 g (89.2% 
Synthesis of 2,6-diphenyl-4-(p-methacryloyloxy) phenyl pyryliumtetrafluoroborate (M 1 ) .
In a three-necked flask (capacity 250 mL), under nitrogen atmosphere, 3.0 g (16 mmol) of CI-1 and 4.7 mL of acetophenone (4.81 g, 40 mmol) were dissolved with magnetic stirring in 50 mL of dichloromethane. Then, 9.4 mL (5.68 g, 40 mmol) of boron trifluoride diethyl etherate (BF 3 .Et 2 O) was added drop by drop. The stirring continued under reflux at 68 °C for 12 h. Then, the dark solution was precipitated with 200 mL of diethyl ether. The precipitate was filtered to obtain a yellow solid, which was purified by recrystallization in glacial acetic acid and resulted in yellow crystal-shaped needles (Mp = 215-217 °C). A small amount of the obtained solid in acetonitrile was dissolved and applied to a chromatographic plate (TLC) using hexane:ethyl acetate as the elution system at a proportion of 2:3. The plate was revealed with a UV-Vis lamp at a wavelength of 365 nm, which only registered a stain. Yield: 2.46g (32% 
RESULTS AND DISCUSSION
CI-1 synthesis is a typical esterification reaction that involves a hydroxyl group (4-hydroxybenzaldehyde) and an anhydride (methacrylic anhydride) to form the ester (methacrylate 4-formylphenyl, CI-1) and the corresponding carboxylic acid (methacrylic acid). Methacrylic acid was removed from the reaction products (in its sodium salt form) by extraction using an aqueous solution of 8% m/m sodium bicarbonate.
Meanwhile, M 1 synthesis corresponds to a Claisen-Schmidt crossed aldol condensation, in which a cyclodehydration occurs and is catalyzed by the Lewis acid BF 3 . Initially, one equivalent of acetophenone and one equivalent of aldehyde react to form a carbonyl α,β unsaturated intermediate, which is subsequently condensed with a second equivalent of acetophenone to form M 1 (see Scheme 3). This new method developed is notably better (see Table 1 ) that those previously mentioned in the literature for CI-1 19, 20 and M 1 . Significantly, for the first time CI-1 was synthesized with methacrylic anhydride as the starting reagent. The highest reaction yield in this synthesis could be associated with the excellent catalytic properties of DMAP used. Although the synthesis of M 1 from CI-1 has been reported, a better yield that the reported by García (2007) 18 was obtained, which could be explained as follows: with raising of temperature in 3 °C, increases the number of molecules that reach the activation energy, which favors the formation of product. In this synthesis, the activation energy is achieved more efficiently in relatively long times, since by doubling the reaction time a higher yield (percentage) is obtained.
On the other hand, the UV-Vis absorption spectrum of M 1 (see Fig. 3 ) shows two wavelengths of maximum absorption at 305 and 416 nm because of the charge transfer bands, 21 which are induced by the 2,4,6 trisubstituted pyrylium cation. 
CONCLUSIONS
Higher reaction performances were obtained in the synthesis of CI-1 using methacrylic anhydride as the starting reagent instead of methacryloyl chloride. Although M 1 was synthesized from CI-1, the variation of certain conditions such as the temperature and reaction time leads to higher yields.
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